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with BL BML size. The risk of incident SBA is highly elevated for sub-
regions with BL BMLs in the same subregion. One explanation for the
presence and development of SBA is subchondral microfracturing and
remodeling due to increased stress, which is reﬂected as subchondral
BMLs on MRI.
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Purpose: Active Shape Modeling (ASM) enables measurement of the
variation in a complex shape, such as the joints at the hip or knee. Using
principal components analysis, shape variation in a series of images is
expressed in terms of independent modes of variation, and each image
scored in terms of standard deviations of each mode from the mean for
that mode. Recent studies have found that ASM of radiographs can model
the deformation of the femoral head that occurs with the progression of
osteoarthritis and identify both individuals who later developed OA and
those who progressed most rapidly to a total hip replacement before
traditional clinical measures such as Kellgren-Lawrence scores. The
present study shows how a nested ASM can provide a standardized
method of hip shape assessment, and enable individual features and
correlations between features to be identiﬁed.
Methods: ASM uses points to identify the outline of the bones; landmark
points are placed on deﬁned anatomical features. A nested-ASM design
was developed comprising a ‘master-ASM’ of the hip from which sub-
models, including the16-pt model previously tested in OA, could be
automatically extracted. The master-ASM includes the proximal femur
and parts of the pelvis, including the acetabulum (to assess joint space),
osteophytes and cortical width. Nested-ASM was applied to 777 radio-
graphic images of hips from 193 subjects enrolled in the UK Primary Care
Rheumatology Hip Study. A set of sub-models were extracted and built
(Figure 1). Similarities between Modes in different ASM designs were
assessed both statistically and visually.
Results: Close links were found between different ASM designs; the
advantages of the nested design were evident in that relations between
features of OA could be explored. Sub-ASMs, such as the 16-pt model,
examine shape variation in a selected area, whilst the bigger ASMs
provide a more comprehensive view of the joint. For example, ‘ﬂattening’
of the femoral head, was clearly characterized by Mode1 in the 16-pt
model, but was associated with 2 or more modes in larger models. The
larger ASMs, however, enabled this to be correlated with other features
such as osteophytes, changes in femoral neck width, neck shaft angle or
joint space width.
Conclusions: The nested-ASM design is a simple and effective approach
for assessing OA severity. The precision of the model is maximized by
using mathematical constraints to ensure precise and even spacing of
intermediate points along smooth lines between landmarks, such as over
the femoral head. Using a standard set of points will minimise differences
arising from model design and emphasise real population differences.
Large ASM templates allow visualization of the whole hip joint, whilst
smaller models highlight variation in selected regions. Nested designs
enable measurement of changes in shape, and their association with OA
at all these different levels. This approach has been successfully applied
to the hip and we are also applying it to the knee in subjects with different
degrees of OA. ASM may provide a good imaging biomarker for patient
selection and stratiﬁcation in OA clinical trials. If applied universally using
the same set of points, it could enable direct comparison between studies
using different model designs.
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Purpose: Identiﬁcation of subjects with a high risk of progression of
structural changes is necessary for clinical trials in knee OA. Prior studies
have suggested that participants with asymmetric knee OA severity may
allow to assess disease progression in both early and more advanced
disease. We examined the rate of loss of joint space width (JSW) in
both knees from patients with unilateral joint space narrowing (JSN) at
baseline.
Methods: Data for these analyses are from the OAI public use data
sets (1.2.1 Clinical Data set and 1.B.1 Imaging Data set), a multi-center,
longitudinal cohort study designed to identify biomarkers for the develop-
ment and progression of symptomatic knee OA. Patients were selected
based on: bilateral chronic frequent pain, BMI> 25, unilateral medial JSN
(OARSI grade 1−3), and no JSN in the lateral compartment (or less than
in the medial and maximum OARSI JSN grade=1). The patients were
initially selected based on radiographic status in ﬁxed ﬂexion radiographs
that were read at each site and then re-read centrally to conﬁrm unilateral
medial JSN.
Baseline and year 1 ﬁxed ﬂexion radiographs of both knees were used.
Medial joint space width (JSW) was measured at the location of the
minimal distance between the femur and tibia margins (mJSW) and at
4 ﬁxed locations (x = 0.2, 0.225, 0.25, and 0.275), x representing the
approximate fraction of the distance from the medial epicondyle to the
total width of the femur, in a previously described coordinate system.
All readings were done paired but blinded to time point. Standardized
response of the mean (SRM = mean/SD) and false discovery rates (FDR
p) were computed.
Table 1: JSN knees (n = 70). Change in JSW over 1 year at 5 locations
Variable Mean SD SRM p-value FDR p
X=0.2 −0.16 0.44 −0.38 0.003 0.005
X=0.225 −0.20 0.48 −0.41 0.001 0.005
X=0.25 −0.19 0.53 −0.37 0.003 0.005
X=0.275 −0.18 0.54 −0.34 0.006 0.007
mJSW −0.11 0.41 −0.28 0.02 0.02
Table 2: No-JSN knees (n = 70). Change in JSW over 1 year at 5 locations
Variable Mean SD SRM p-value FDR p
X=0.2 −0.22 0.83 −0.26 0.03 0.05
X=0.225 −0.19 0.80 −0.24 0.05 0.05
X=0.25 −0.20 0.76 −0.26 0.04 0.05
X=0.275 −0.23 0.74 −0.31 0.01 0.05
mJSW −0.19 0.78 −0.25 0.04 0.05
Results: Seventy participants met the criteria: 46 women/24 men,
age=60±9 y, BMI = 31±4, bilateral chronic frequent knee pain. Knees
with baseline medial JSN (JSN knees) had OARSI JSN grades of 1, 2,
or 3, in respectively 42, 21, and 7 while all no-JSN knees had an OARSI
grade 0 JSN at baseline. A deﬁnite osteophyte was observed in a least
one knee of 40 patients (in 37 JSN knees and 16 no-JSN knees).
The average progression in no-JSN knees was similar to that in JSN
knees (table 1 & 2). However the variability in progression was higher in
the no-JSN knee than in the JSN knee, which is reﬂected in the no-JSN
knee’s higher SRMs.
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In this population, baseline JSW in the JSN knee did not signiﬁcantly
predict radiographic progression in the same knee (whatever the location),
neither did baseline JSW in the no-JSN knee predict progression in the
no-JSN knee except at location x = 0.25 (r = −0.28, p = 0.02) (Spearman
correlation coefﬁcients).
Conclusions: In 70 patients selected from the OAI database for having
unilateral medial JSN (as well as BMI> 25 and bilateral knee pain),
average change in JSW over one year was very similar in JSN knees
versus no-JSN knees. However, the higher variability of change in the
no-JSN knees resulted in lower sensitivity to change in these knees as
compared to the knees with JSN at baseline. The x-coordinate system
appears to have greater responsiveness than mJSW in knees with JSN.
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Purpose: Radiographs are important tools to evaluate structural changes
in many joint diseases. In case of haemophilic arthropathy (HA), the
Pettersson-score is widely used. The rising of digital radiography enables
evaluation of these structural change in a more quantitative and detailed
manner, potentially improving diagnosis and follow-up. In the present
study, it is evaluates whether digital image analysis in case of HA is
feasible, using a presently available method for radiographic changes in
knee osteoarthritis (OA), Knee-Digital-Image-Analysis (KIDA).
Methods: 62 knee radiographs were scored according to Pettersson and
with KIDA, each by two independent observers. Inter-observer variation
and correlations between the two scoring methods were determined.
Results: Overall the inter-observer variation was smaller for KIDA than
for Pettersson and for KIDA not signiﬁcantly different from inter-observer
variation in case of evaluation of OA joints. Good correlations were found
for the two methods where comparison of parameters was appropriate.
For instance, the Pettersson-scoring item “narrowing of the joint” corre-
lated well with the mean and minimum joint space width as measured with
KIDA (R=−0.64; p = 0.00 and R=−0.71; p = 0.00 respectively), and the
item “osteoporosis” correlated well with bone density measures obtained
with KIDA (e.g. R=0.44; p = 0.01 for the mean bone density of femur
and tibia). Importantly, for each of the parameters within one point in the
ordinal Pettersson-score a large window still existed in the continuous
KIDA-grading.
Conclusions: Digital analysis of radiographs is feasible to quantify joint
damage in HA. The use of a continuous variables, as used in a digital
method such as KIDA has the advantage that it enables objective and
much more sensitive detection of small changes than by use of an
ordinal analogue method such as the Pettersson-score. Based on the
present results, it would be worthwhile to adapt the KIDA method for the
speciﬁc characteristics of HA and extend the method to elbow and ankle
radiographs, the joints affected in haemophilia.
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Purpose: Hyaline articular cartilage is composed predominantly of an
extracellular matrix that consists of a framework of collagenous ﬁbers,
which provide tensile properties to the cartilage. Loss of integrity within
this framework is regarded a hallmark process in cartilage degeneration,
which is considered an important factor in the pathogenesis of OA.
Diffusion tensor magnetic resonance imaging (DTI) can be employed to
study anisotropic properties of tissues and is widely used for analyzing
brain structures. In limited capacity, DTI has been applied to study
the alignment of the collagen framework in cartilage, and it has been
demonstrated that the direction of the eigenvector relates to characteristic
variations in the zonal architecture of collagen ﬁbers. A limitation of the
standard DTI model, however, is that it allows only one ﬁber orientation
per voxel. Thus, ﬁber orientation heterogeneity, such as crossings, cannot
be modeled. Therefore, the aim of this study was to investigate that
whether a two-tensor model enables visualization of ﬁber crossings
within the mesh of collagen macroﬁbrillar bundles. This work is the ﬁrst
investigation of analysis of crossing ﬁbers in the cartilage, using DTI.
Methods: The measurements were performed on 2 cartilage-on-bone
samples acquired from total knee replacement. The DTI data was ac-
quired by applying a diffusion-weighted pulse-gradient spin-echo se-
quence, on a high-ﬁeld 8.5T Bruker BioSpin (TR=2000ms, TE=14.5ms,
d= 2.1ms, D =8ms). Two measurements with a b-value of 0 s/mm2,
and 30 measurements with a b-value of 1000 s/mm2 applying diffusion
gradients in 30 isotropically distributed directions, were performed. Using
a 10×10mm2 FOV, a spatial resolution of 100×100×2000 mm3 was
achieved. The total acquisition time (10 averages) was 23 hrs. The
sequence was validated on an Agarose phantom.
For estimating two-ﬁber orientations, a recently proposed model was
utilized. The model is a constrained bi-Gaussian model for analysis of
crossing ﬁbers, utilizing the information present in the single-tensor. This
two-tensor approach models a voxel containing 2 ﬁbers as 2 cylindrical
tensors that lie in the plane spanned by the two largest eigenvectors of
the single-tensor ﬁt.
Single-tensor was estimated for every voxel, whereas the two-tensor
model was ﬁtted only to “planar” voxels, as determined by the planar
anisotropy (Cp) measure. Scalar measures, such as mean diffusivity
(MD), and fractional anisotropy (FA) were estimated from the single-
tensor.
Results: MD showed maximum values at the surface (1.6×10−3 mm2/s)
and decreased at the cartilage-bone interface (0.9×10−3 mm2/s),
whereas FA varied in between 0.02−0.31, and was maximal at the
cartilage-bone interface. Fig. 1b depicts regions of ﬁber heterogeneity
in a sample cartilage; these were predominant at the surface of the
cartilage where the direction of the two eigenvectors was both parallel
and perpendicular to the cartilage surface.
Figure 1. (a) T2 MR image; (b) ﬁber orientations (cartilage).
Conclusions: Our study highlighted the feasibility of DTI for structural
analysis of the articular cartilage. A limitation of this study is the small
number of samples and lack of histological comparison. Our ﬁndings
(MD & FA) appear to be consistent with those reported in literature,
however, additionally, we have shown that by describing the underlying
diffusion by a more complex model, we are able to non-invasively visualize
ﬁber crossings at the cartilage surface. This may help in understanding
the dynamics of degradation in the articular cartilage during development
of early OA.
